





Katedra parasitologie a hydrobiologie 









































Ráda bych poděkovala všem, kteří jakkoli přispěli ke vzniku této práce. Především je 
mi milou povinností poděkovat doc. Petrovi Volfovi, Csc., který mi umožnil zabývat se 
významnou a krásnou skupinou hmyzích přenašečů flebotomů. Jeho zásluhou mohl 
začít výzkum této pro nás exotické skupiny v podmínkách pražské laboratoře. Dále 
mu děkuji za odborné vedení práce i  ochotné předávání praktických zkušeností 
s flebotomy. Dr. Mileně Svobodové bych ráda poděkovala za zaučení v práci s 
leishmaniemi a za ochotné konzultace experimentálních problémů.  
Dr. Jean-Claudovi Dujardinovi vděčím za příležitost naučit se aktuální techniky 
molekulární biologie v příjemném prostředí jeho laboratoře v Institutu tropického 
lékařství Prince Leopolda v Antverpách. Za poskytování cenných rad i literatury jsem 
zavázána prof. Jiřímu Vávrovi, DrSc., doc. Jaroslavu Kuldovi, CSc. a doc. Liborovi 
Grubhofferovi, CSc. Za konzultace biochemických metod děkuji Dr. Ivanovi Hrdému, 
za konzultace metod statistických Dr. Danielu Fryntovi. Celému kolektivu katedry, 
především všem „flebotomařům“ a helmintologům, děkuji za přátelskou a podnětnou 
atmosféru, bez které si nedovedu svou práci představit. Velmi cenná byla pro mne i 
nevšední „všední“ práce Dr. Heleny Kulíkové a Dušana Eremiáše.  
Tato disertační práce by nemohla vzniknout bez trpělivosti a všestranné podpory 
mé rodiny, která mi vytvářela potřebné zázemí po celou dobu postgraduálního studia. 
Zejména děkuji svému muži Jirkovi,  kterému jsem občas pila krev a vylévala 




ČLENĚNÍ A CÍLE DISERTAČNÍ PRÁCE.................................................................1 
 
LITERÁRNÍ PŘEHLED: Sádlová J. (in press): The life history of Leishmania 
(Kinetoplastida: Trypanosomatidae). Acta Soc. Zool. Bohem. 63 
Introduction...............................................................................................................3 
PART I. Human leishmaniasis: a current status of the disease................................3 
PART II. The systematic position and phylogeny of the genus Leishmania.............5 
PART III. The taxonomy and biology of sandflies (Diptera: Phlebotominae)............6 
PART IV. Geographical distribution: vector – parasite – host association................8 
PART V. Leishmania life-cycle................................................................................11 
A. Development in the sandfly vector....................................................................11 
B. Development in the vertebrate host..................................................................18 




Čiháková J. & Volf P. (1997): Development of different Leishmania major  
  strains in the vector sandflies Phlebotomus papatasi and P. duboscqi. 
  Ann. Trop. Med. Parasitol.  91: 267-279...............................................................41 
Sádlová J., Svobodová M. & Volf P. (1999): Leishmania major: effect  
  of repeated passages through sandfly vector or murine hosts. Ann. Trop. 
  Med. Parasitol. 93: 599-611..................................................................................54 
Sádlová J., Votýpka J., Victoir K., Dujardin J.C. & Volf P.: The surface 
  metalloproteinsase gp63 in virulent and attenuated lines of Leishmania 
  major. Zasláno do časopisu Int. J. Parasitol........................................................67  
Sádlová J., Reishig J. & Volf P. (1998): Prediuresis in female Phlebotomus 
  sandflies (Diptera: Psychodidae). Eur. J. Entomol. 95:  643-647.........................97 
Sádlová J. & Volf P. (1999): Occurrence of Leishmania major in  sandfly 








ČLENĚNÍ A CÍLE DISERTAČNÍ PRÁCE 
 
 
Práce se skládá z těchto částí: Za úvodním výčtem cílů následuje literární přehled, 
vypracovaný ve formě review (přijato pro publikaci v Acta Soc. Zool. Bohem.). 
Výsledková část je tvořena pěti původními vědeckými pracemi, z nichž čtyři jsou již 
publikované a jedna připravena k publikaci. V těchto publikacích jsou řešena obě 
hlavní témata disertační práce: (1) faktory ovlivňující vývoj leishmanií v přenašeči a 




HLAVNÍ CÍLE PRÁCE: 
 
(1) Faktory ovlivňující vývoj leishmanií v přenašeči. 
 
VÝCHOZÍ STAV: V trávicím traktu přenašeče se leishmanie setkávají s prostředím 
tvořeným mnoha faktory, například proteolytickými enzymy a lektiny flebotomů či 
složkami krevní a cukerné potravy, kterou samice přijímají. Toto prostředí je do jisté 
míry druhově specifické a určitý druh leishmanie může být adaptován na konkrétní 
podmínky v trávícím traktu určitého druhu flebotoma (či spíše několika blízce 
příbuzných druhů z téhož podrodu). Adaptace leishmanií pro vývoj v přenašeči jsou 
však relativně málo probádány a není jasné, do jaké míry se zde uplatňují i hlavní 
povrchové molekuly ovlivňující vývoj parasita v hostiteli (virulenční faktory). Nejasná 
je například role povrchové metaloproteázy gp63 v přenašeči.   
Tato práce vychází z předpokladu, že existují rozdíly ve vývoji různých kmenů 
jednoho druhu parasita v jeho přenašeči. Podrobnější charakterizace takto se lišících 
kmenů může napovědět, které vlastnosti parasita jsou pro vývoj v přenašeči klíčové a 
které hrají méně významnou roli.  
Cílem práce bylo tedy porovnat vývoj několika geograficky odlišných kmenů a 
linií L. major v jejich přirozených přenašečích P. papatasi a P. duboscqi. U těchto 
kmenů pak otestovat virulenci a infektivitu pro hostitele (myš), a studovat virulenční 
faktory, především expresi lipofosfoglykanu (LPG) a aktivitu povrchové proteázy 
gp63.  
Druhým metodickým přístupem bylo zjistit změny všech těchto parametrů po 
několikanásobné pasáži atenuované linie kmene LV561 přes flebotomy nebo myši 
BALB/c. Srovnáním výsledných linií (navzájem, vůči výchozí atenuované linii a vůči 
virulentní linii téhož kmene) pak opět získat informaci o roli hlavních povrchových 
molekul parasita v přenašeči/hostiteli a o reverzibilitě změn souvisejících 
s dlouhodobou kultivací in vitro. 
 
DÍLČÍ CÍLE: 
(a) Srovnat vývoj pěti kmenů a linií L. major  ve dvou druzích flebotomů (P. papatasi 
a P. duboscqi), t.j.: 
• porovnat intensitu a lokalizaci infekcí v trávicím traktu flebotomů. 
• zjistit rozdíly v zastoupení jednotlivých morfologických forem leishmanií.  
• pokusit se o experimentální přenos na hostitele (křečka). 
. 
(b) Porovnat infektivitu a virulenci kmenů a linií v myších BALB/c.                             
 
(c) Zjistit rozdíly ve virulenčních faktorech kmenů a linií, t.j. studovat  
• expresi metacyklického LPG. 
• gp63 na genové úrovni (počet genových kopií, struktura gp63 lokusu a jeho 
lokalizace na chromosomech). 
• gp63 na proteinové úrovni (množství exprimovaného proteinu a jeho proteázová 
aktivita). 
 
(d) Atenuovanou linii kmene LV561 pasážovat 5x přes flebotoma (P. duboscqi) a 5x 
přes hostitele (myš BALB/c) a porovnat vlastnosti výsledných isolátů s původní linií, 
především studovat jejich: 
• vývoj ve flebotomech, virulenci a infektivitu pro hostitele. 
• povrchové molekuly LPG a gp63  (viz bod c). 
• hemaglutinační aktivitu. 
 
(2) Mechanismus přenosu leishmanií flebotomy. 
 
VÝCHOZÍ STAV: Přesný mechanismus přenosu leishmanií na hostitele nebyl 
jednoznačně objasněn. Předpokládá se buď inokulace promastigotů přítomných 
v okamžiku sání v proboscis flebotoma, nebo regurgitace parasitů způsobená 
obtížemi při sání krve. Žádná novější studie nevěnovala pozornost možnosti 
kontaminativního přenosu; ve starších publikacích je uvažováno buď pozření 
infikovaného flebotoma nebo jeho rozmáčknutí na kůži během sání. Naše 
pozorování, že samice flebotomů vypuzují již během sání na hostiteli kapičky moči 
(prediurese), nás vedlo k myšlence prozkoumat podrobněji tento fyziologický proces 




(a) Popsat základní charakteristiky prediurese u nenakažených samic dvou druhů 
flebotomů (Phlebotomus papatasi, P. duboscqi).  
 
(b) Pomocí kapilárového sání zjistit přítomnost či absenci leishmanií v moči 
flebotomů (P. papatasi, P. duboscqi)  infikovaných L. major. V případě positivního  
výsledku: 
• srovnat četnost nálezů leishmanií vyloučených v moči a vypuzených do obsahu 
kapilár. 
• charakterizovat morfologicky leishmanie nalezené v moči.  
• ověřit přítomnost metacyklických promastigotů v moči pomocí monoklonální 
protilátky proti metacyklickému lipofosfoglykanu (LPG). 









































Výsledky disertační práce jsou předloženy ve formě pěti původních vědeckých prací. 
Čtyři z nich jsou již publikovány, jedna je k publikaci připravena. 
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Leishmania major: effect of repeated passages
through sandfly vectors or murine hosts
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Virulence for BALB/c mice, infectivity for Phlebotomus papatasi, haemagglutination activity and ex-
pression of metacyclic lipophosphoglycan (LPG) were studied in rour strains of Leishmania major (L V56l,
FVI, L1l9 and Neal) and various lines of the L V56l strain. Attenuated line L V561/ AV was passaged five
times through sandflies or mice and the resulting lines (AVS5 and AVM5, respectively) and two of the
earlier sandfly passages (AVSI and AVS2) were used for further study. The highly virulent line LV561/V
served as a contral.
Virulence for mice was not regained during passaging of LV561/ AV in sandflies or mice (none of the
mice infected with AVM5, AVSI, AVS2 or AVS5 displayed overt lesions) and the success rate in
cultivating parasites, from lymph-node samples from inoculated mice, was not significantly higher for any
of these lines than for the original line (L V56l / AV). However, AVM5 and AVS5 developed better than
LV561/ AV in P. papatasi and the intensity and localisation of their infections were similar to those of the
virulent contral. In smears of the infected guts of P. papatasi, the AVS5 parasites resembled the virulent
line (LV56l/V) morphologically whereas the AVM5 parasites were similar to the avirulent LV56l/AV.
Haemagglutination activity increased as a result of passaging, the most pronounced difference being
observed in AVM5, which had 60-fold higher activity than L V561/ AV. Expression of metacyclic LPG was
not increased by passaging. The proportion of forms reacting positively with 3F12 antibodies was high
(about 17%) in the virulent LV561/V blit low (2%-3%) in the avirulent lines LV561/AV, AVS5 and
AVM5. A defect in LPG is not, however, likely to be the auly reason for the avirulence observed, as the
avirulent lines of LV56l still praduced about 10 times as mailY metacyclic promastigotes as the strain
Ll19, which caused delayed lesions in mice.
Leishmanial parasites encounter two distinct
environments during their life-cycle. In the
sandfly midgut, procyclic promastigotes dif-
ferentiate juto the metacyclic forms lhal are
highly infective for mammalian hosts. In the
vertebrate hosts' tissues, the parasites are
phagocytosed by macrophages and multiply as
amastigotes in macrophage phagolysosomes.
One of the molecules considered to play an
important role in both parasite-sandfly and
parasite-mammal interactions is lipophospho-
glycan (LPG), the major surface glycoconju-
gate of Leishmania. In the sandfly, during the
process of metacyclogenesis, LPG undergoes
an extensive and developmentally regulated,
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structural modification (Sacks, 1992) and this
may control attachment of the promastigotes
to the sandfly midgut epithelium (Pimenta et
al., 1992, 1994). In the vertebrate host, LPG
plays a role in the parasites' resistance to
complement-mediated lysis, their internalisa-
tion by macrophages and their protection
within the phagolysosomes (Turco and
Descoteaux, 1992).
Other types of molecules involved in leish-
manial pathogenesis are the carbohydrate-
binding receptors and lectin-like components
present on the parasite surface (Bray, 1983;
Hernández et al., 1986; Love et al., 1994). One
of these components, a haemagglutinin, can be
found in the promastigotes of various species
of Leishmania and in the axenic amastigotes of
L. mexicana. The haemagglutination (HA) ac-
@ 1999 Liverpool School of Tropical Medicine
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tivity is higher in metacyclic promastigotes
and amastigotes than in log-phase promastig-
otes (Svobodová et a/., 1997a) and appears to
participate in the adhesion of amastigotes
and promastigotes to human macrophages
(Svobodová et al., 1997b).
Various strains of the same species of Leish-
mania and even various lines of the same
strain frequently differ in their infectivity for
the mammalian host. Long-term cultivation in
vitro, for example, often results in the para-
sites losing their ability to develop into meta-
cydic promastigotes and to infect vertebrate
hosts (Grimm et a/., 1991; Segovia et al., 1992;
Kallinikova et al., 1992). In some cases, this
loss of virulence is reversible, passaging
through susceptible mice resulting in in-
creased virulence of the parasite (Katakura
and Kobyashi, 1985). In L. major, such a
reversion to virulence appears to be correlated
with the level and type of LPG expressed by
the parasite (Da Silva and Sacks, 1987;
Shankar et al., 1993). The effect on virulence
of passaging the parasites through sandflies
has not been studied, although dones and
lines of L. major that are virulent in mice are
known to grow better in P. papatasi than
avirulent Dnes (Strelkova et a/., 1981; Pimenta
et a/., 1994; Ciháková and VolE, 1997).
The parasites used in the present study
were of rour geographically distinct strains of
L. major that display different levels of viru-
lence in mice. Ciháková and Volf (1997) de-
seribed the varied abilities of these strains to
develop in the gut of sandflies. L V561/ AV, a
line that has been attenuated by long-term
maintenanee in vitro and is avirulent for
BALB/ e miee, was ehosen for serial passage
through miee or sandflies. The aim of this
study was to determine the effeet of serial
passage in vivo on the parasite's virulenee and
infectivity for miee and sandflies. In addition,
HA aetivity and metacyclie LPG were investi-
gated in the strains and passaged lines.
MATERIALS AND METHODS
Parasites
Four strains of Leishmaniamajor were used:
LV561 (MHOM/IL/67/]erieho-II LRC-
Ll37), FVl (MHOM/IL/80/Friedlin), Neal
(MRHO/SU/59/P) and Ll19 (MTAT/KE/
??/T4).
The two Israeli strains (LV561 and FV1)
were isolated originally from patients with
cutaneous lesions. Two different lines of the
strain L V561 were studied: the virulent line
L V561/V, which has been passaged no more
than five times in vitro; and the avirulent
L V561/ AV, whieh has been attenuated by
> 40 in-vitro passages. The avirulent L V561/
AV, provided by Dr E. Nohýnková (Medieal
Faeulty, Charles University, Prague), was
used for serial passages in P. papatasi or miee.
The L1l9 strain was isolated in Kenya from
the spleen of a 'healthy' gerbil, Tatera nigri-
cauda (Heiseh et al., 1959). After long-term,
serial passage in vitro, it had lost its infeetivity
to hamsters (Sehnur, 1979; L. F. SehnUT,
unpubl. obs.) and was found to be a defeetive
in its synthesis of the disaeeharide baekbone of
the repeat units of LPG (MeConvilIe and
Homans, 1992). However, despite this defeet,
it could stili infect inbred miee and their
isolated maerophages (L. F. Schnur, unpubl.
obs.).
The Neal strain was isolated in Uzbekistan
from Rhombomys opimus. The line of this
strain used for the present study was provided
by Dr V. M. Safjanova (Gamaleya Institut,
Moseow). It had diminished virulenee for
miee, probably beeause of its long-term
maintenance in vitro.
AII the parasites were maintained at 23°C,
on SNB-9 blood agar (Diamond and Herman,
1954) or in RPMI 1640 medium (Sigma) sup-
plemented with 10% foetal ealf serum and
45/lg gentamiein/ml, and subeultured at 4-
dar intervals. Thc identity of eaeh strain or
line used was eheeked by pulsed-field gel
eIeetrophoresis throughout the experiment;
eaeh strain or line had a distinet karyotype
(data not shown).
Sandflies and Mice
Colonies of P. duboscqi(from Senegal) and
P. papatasi (from Cyprus), obtained from
Professor R. Killiek-Kendriek (Imperial
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College in Ascot), were maintained on 50%
sucrose at 25-26°C on a 14-h lightllO-h dark
photoperiod. BALB/c mice, 8-12 weeks old,
were used in all the experiments.
Repeated Passages of LV5611AV in Mice
Ten male mice were each inoculated in the
rump with 107 promastigotes [rom 6-day old
cultures and killed 3 weeks later. Parasites
re-isolated [rom the inguinal nodes o[ these
mice were cultured briefly (through two sub-
cultures) and then inoculated in another 10
mice. This process was repeated until the line
had gone through five passages in mice, when
it was called AVM5.
Repeated Passages of LV5611AV in
Sandflies
Female P. duboscqi were [ed through a chick-
skin membrane on heat-inactivated human
blood containing 1 X 106 promastigotes ([rom
4--day-old cultures)/ml and then maintained
as described above. Engorged [emales were
dissected in sterile saline 10 days after they
had been o[fered an infective bloodmeaI: The
midguts of the in[ected flies were inoculated
juto blood-agar medium and, after ODe to
three in-vitro subcultures, the promastigotes
were used for the next sandfly infection. The
lines AVS1, AVS2 and AVS5 were obtained
from the sandflies after ODe, two or five
passages, respectively.
Infectivity of the L. major Strains and
Lines for Mice
Strains FVl, Neal, L1l9 and six lines o[ the
L V561 strain (LV5611V, L V561/ AV, AVSI,
AVS2, AVS5, and AVM5) were compared in
rour experiments. Female mice were inocu-
lated as described above and lesion diameters
were measured weekly. A[ter either 6 months
(experiments 1-3) or 9 months (experiment
4), mice without apparent lesions were killed
and attempts made to culture parasites [rom
their inguinal nodes.
Development of the LV561 Unes in
Sandflies
The development 0[LV561/AV, AVM5 and
AVS5 in P. papatasi was compared in separate
experiments, using the virulent L V561/V as a
control. Sandflies were [ed on heat-inactivated
rabbit blood containing 5 X 105 promastigotes
(4--day-old cultures)/ml. Engorged females
were dissected at 6 or 10 days post-bloodmeal.
The location and intensity of any gut in[ec-
tions and parasite morphometry were evalu-
ated as described previously (Ciháková and
Volf, 1997). ODe hundred parasites were
measured [rom each line at each sampling time.
Detection of Metacyclic LPG
Metacyclic LPG was detected by indirect
immunofluorescence, using the 3Fl2 mono-
clonal antibody. Mouse ascitic fluid containing
the 3Fl2 antibody, which is specific for meta-
cyclic-stage LPG (Sacks and Da Silva, 1987),
was kindly provided by Dr D. L. Sacks
(National Institutes o[ Health, Bethesda,
MD). Preliminary experiments showed lhal
this metacyclogenesis marker gave more inter-
pretable results than did agglutination by
PNA lectin (Sacks ct a/., 1985), as the PNA-
negative promastigotes were not on ly meta-
cyclic bul also non-metacyclic parasites with
defective LPG, like most promastigotes o[ the
L1l9 strain. Stationary-phase promastigotes
(from a 6-day culture) were washed and resus-
pended at 1 X 1O7/ml in PBS. Small, lO-Jll
drops of this suspension were air-dried on
glass slides and fixed with methanol. Subse-
quently, they were incubated for 30 min with
the mouse ascites diluted 1: 20 in Tris- Tw
buffer (20 mM Tris, ISO mM NaCl, 0.1%
Tween-20, pH 7.6) containing 5% [oetal calf
serum. After washing, the slides were incu-
bated for 30 min with swine anti-mouse IgG
conjugated to fluoroscein isothiocyanate
(SEVAC, Prague), diluted 1:20 in Tris-Tw,
and then re-washed and stained for 2 min with
0.01% Evans Blue. Fifteen oil-immersion
fields were examined for each line, so lhal
the proportion of parasites reacting with the
monoclonal antibody (and there[ore fluores-
cing) could be determined. Each experiment
was repeated once.
Haemagglutination (HA) Tests
The HA activity o[ each line or strain was
determined as described previously (Svo-
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TABLE 1
The infectivity and virulence oJLcishmania major strains and lines in BALB/ c mice
bodová ct a/., 1997a). Briefly, a suspension of
washed promastigotes (from 6-day-old cul-
tures) was adjusted to give 108 cells/ml, Iysed
by freezing and thawing and the supernatant
solutions, after centrifuging at 2000 X g for
3 min, were used for the HA tests. Doubling
dilutions of the Iysates were prepared in HA
buffer (20 mM Tris-HCl, 150 mM NaCI,
pH 7.6) in the U-shaped wells of microtitre
plates to give final dilution ranges of I: 10-
I :20480. A 2% suspension of native rabbit
erythrocytes was then added to each well. The
HA was scored after I h, the end-point titre
being defined as the last dilution causing
visible HA.
RESUL TS
Infectivity of the L. major Strains and
Lines for BALB/c Mice
The lines/ strains differed considerably in
their virulence for BALB/c mice (Table I). In
each of the seven mice infected with L V5611
V line, lesions appeared 4-6 weeks post-infec-
tion and grew rapidly (Fig.1). Lesions Duly
developed in two of the seven mice infected
with the FVI strain and these took 16 weeks
to appear. Another three mice infected with
FVI strain still had viable parasites in their
inguinal nodes when they were killed. In mice
inoculated with the L 119 strain, lesion devel-
opment was even more delayed (starting 16,
24 and 27 weeks post-inoculation) but the
lesions grew rapidly once they had appeared.
The Neal and LV5611AV strains failed to
cause any lesions within 6 months of the
inoculations but most of the post-mortem cul-
tures of inguinal nodes were positive (Table I).
Virulence was not regained by passage
through mice (AVM5) or through sandflies
(AVSI, AVS2 and AVS5): none of the mice
infected with these lines developed lesions
(Table I). Infectivity, as assessed by the num-
ber of positive cultures of inguinal nodes,
appeared to decrease during passage through
sandflies, although passage through mice had
no such effect (Table 1). The infectivities of
AVM5 and the original L V5611 AV line were
similar (Xl = 2.000;P = 0.1573).
Development of the LV56I Lines in P.
papatasi
On both days 6 and 10 post-bloodmeal, the
intensity of infections produced by LV5611
AV was significantly lower than that of the
No. oJmiceand (% oJ inoculated mice)
Experiment IParasites No. oJmice inoculated Developinglesions Culture-positivepost-mortem
LV5611V 7 7 (100) ND
LV5611AV 7 O(O) 4 (57)
FVl 7 2 (29) 3 (43)
Ll19 3 3 (100) ND
Ncal 7 O(O) 5 (71)
2 LV5611V 10 10(100) ND
AVM5 10 O(O) 4 (40)
3 AVSl 9 O(O) O(O)
AVS2 9 O(O) O(O)
AVS5 9 O(O) 2 (22)
4 LV5611AV 9 O(O) 3 (33)
AVM5 9 O(O) 6 (67)
AVS5 9 O(O) 2 (22)
ND, Not determined.
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5 10 15 20 25 30
Time post-inoculation (weeks)
Fig. 1. Development ofthe LV56l1V (-), FVl (e) and Lll9 (O) strains of Leishmaniamajorin BALB/c
IDlce.
infections produced by the virulent L V561/V
(P< 0.001). However, the infcctions produccd
by AVS5 and AVM5 were as intcnsc as thosc
produccd by L V561/V (Fig. 2).
On dar 6 post-infcction, tbc 10calisation and
morphology of tbc parasitcs of each of tbc
lincs tcstcd were similar (Tables 2-4). In most
of tbc infcctcd P. papatasi, the parasites had
migrated antcriorly from tbc abdominal
midgut and had coloniscd the thoracic midgut
and even the stomodcal valvc by dar 6. On
dar 10 post-infcction, most parasitcs had Icft
the abdominal midgut and intcnsivc infections
of tbc stomodcal valvc had often devcloped. A
much higher proportion of tbc flics infccted
with tbc virulent control, L V561/V, had dc-
veloped stomodcal-valvc infcctions than of the
flics infected with LV561/ AV (Tablc 2;
P = 0.0003).
Promastigotcs of the avirulent lincs
(LV561/ AV, AVM5 and AVS5) rccovcrcd
from the sandfly infcctions wcrc gcnerally
largcr than those of tbc virulcnt control,
particularly on dar 10 post-infection, when
promastigotes of all thrcc avirulcnt line s had
significantly larger bodics and longcr flagclla
than thosc of tbc virulent control (Tablc 3). A
morc dctailed morphological analysis, in
which parasitc populations wcrc brokcn down
into six morphological forms, showcd lhal
AVS5 (but not L V561/ AV or AVM5) was
vcry similar to the virulent line in this rcspcct
(Tablc 4).
Expression of Metacyclic LPG by
Stationary-phase Promastigotes
The proportion of prOIp.astigotcs rcacting
with 3F12 antibodies differed with the strain
or line investigated (Table 5). In comparison
with the L V561/V line, the proportion of
metacyclic forms was significantly lower in
L V561/ AV, AVM5 and AVS5. Although a
entirely negative result was expected with
L119, a very small number (0.2%) of the
promastigotes of this strain wcre found to be
positive. The same rcsult (i.c. 0.2% positiv-
ity) was also observed with the Neal strain
(Table 5).
Haemagglutination
Among the rour lines of strain L V561 investi-










































LV561IV AV LV561IV AVS5 LV561IV AVM5
Fig, 2, Rates and intensities of infections with lines of Leishmania major LV 561 in Phlebotomus papatasi 6
days (a) and 10days (b) after the infective bloodmea1. Infections were light (O; < 100 parasites/ gut), moderate
(1lli!I;100-500 parasites/gut), heavy (~; 500-1000 parasites/gut) or very heavy (8; > 1000 parasites/gut).
(20 480-40 960) were observed in the virulent
line LV 5611V and the lowest (40) in the
avirulent line LV5611 AV, HA activities in
AVS5 and AVM5 were higher than in
LV5611AV, with titrcs of 160 and 2560,
respectively,
























DevelopmentoJthe finesoJLeishmania major LVS61 in Phlebotomus papatasi
% oj positive jlies with:
InJected TMG
ani AMG Parasitesat SV Heavily inJectedSV P
No. oj No. ani (%) InJectedAMG
Days post-bloodmeal Parasites fliesJed ojflies inJected only
6 LV5611V 26 22 (85) 5
LV5611AV 28 19(68) 16
6 LV5611V 19 15(79) 13
AVM5 18 10(56) 20
6 LV561/V 18 14(78) 43
AVS5 18 13(72) 23
10 LV5611V 28 22 (79) O
LV5611AV 26 10(38) O
10 LV5611V 20 13(65) O
AVM5 19 11(58) 9
10 LV5611V 30 23 (77) O
AVS5 30 23 (77) O






















































Means (S.D.) and [ranges] for the dimensions oj finesoJLeishmania major L V561developingin theguts oJPhlebotomus papatasi ondays 6 and 10post-infection
Lines compared Lines compared Lines compared
Dimension LVS611 V LVS611AV P LVS611V AVMS P LVS611V AVSS P
BODYLENGTH(,!lm)
Day 6 14.9 (5.0) [5.7-28.6] 14.9 (4.1) [4.3-25.7] > 0.05 15.9 (4.8)[2.8-30.0] 12.8 (3.2)[4.3-21.4] < 0.0001 16.1 (3.8)[7.1-24.3] 17.6 (5.8)[7.1-30.0] < 0.05
Day 10 11.3 (3.6)[2.9-18.6] 13.7 (3.9)[2.9-22.8] < 0.0001 10.7 (3.2)[2.9-15.7] 13.4 (2.9)[2.9-18.6] < 0.0001 12.4 (3.1)[4.3-18.6] 15.5 (3.6)[7.1-24.3] < 0.0001
BODYWIDTH (,!lm)
Day 6 1.4 (0.1) [0.7-2.1] 1.5 (0.1) [0.7-2.9] <0.05 1.3 (0.1) [0.7-2.9] 1.7 (0.6) [0.7-4.3] < 0.0001 1.3 (0.1) [0.7-2.9] 1.6 (1.5) [0.7-5.7] >0.05
Day 10 1.4 (0.5) [0.7-2.9] 1.6 (0.1) [0.7-2.9] < 0.001 1.4 (0.5) [0.7-2.9] 1.6 (0.4) [0.7-2.9] < 0.001 1.5 (0.5) [0.7-2.9] 1.6 (0.6) [0.7-5.7] >0.05
FLAGELLARLENGTH (,!lm)
Day 6 16.0 (3.4) [7.1-24.3] 16.0 (3.4) [8.6-28.6] > 0.05 15.6 (3.7) [4.3-24.3] 14.5 (2.9) [8.6-21.4] < 0.05 16.1 (3.2) [8.6-22.8] 16.0 (3.4) [5.7-28.6] > 0.05
Day 10 13.7 (3.3)[2.9-22.8] 15.9 (4.1)[7.1-25.7] <0.001 12.8 (2.4) [7.1-18.6] 15.1 (2.5) [8.6-22.8] < 0.0001 14.4 (2.5) [7.1-20.0] 15.1 (2.6) [8.6-21.4] < 0.05
TABLE 4
The relative representation ofsix morphologicalforms ofthe parasite in three lines ofLeishmania major LV56J, in 6- and J{}-day-old infections in Phlebotomus
papatasi
% of parasitesin infection
Days Elongated Short, slender Short, broad Rounded
post-infection Parasiteline nectomonads promastigotes promastigotes Paramastigotes promastigotes
6 LV5611V 62 29 O 9 O
LV5611AV 72 22 I 4 O
6 LV5611V 73 24 O 2 I
AVM5 49 39 3 6 O
6 LV5611V 74 24 I I O
AVS5 84 15 O 1 O
10 LV5611V 29 54 2 11 1
LV5611AV 60 37 2 O 1
10 LV5611V 25 59 3 8 1
AVM5 61 35 1 2 1
10 LV5611V 42 49 O 6 O
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TABLE 5
The proportions oj stationary-phase promastigotes oJLeishmania major reacting specijically with the monoc/onal
antibody lFl2























Prolonged cultivation of the virulent strain
L V561 in SNB-9 blood-agar medium yielded
an avirulent line L V56l/ AV with decreased
infectivity for mice. The infectivity and viru-
tence of this line for mice were not regained
after repeated passages through either
sandflies or mice.
Strain LV 561, as demonstrated by Handman
ef a/. (1983), is a mixed population of more and
less virulent phenotypes and, as Segovia ef al.
(1992) and Camara ef a/. (1995) showed, the
non-infective dones of L. major tend to out-
grow the infective Dnes during in-vitro culti-
vation. Although it was thought that serial
passage through mice would, in contrast, fa-
vour the virulent subpopulation, selection
through five passages in the present study
failed to yield a line that was virulent for the
vertebrate host. Presumably, the proportion of
virulent parasites in the LV 561/ AV population
was too small and/ or the deviation(s) occurring
in the absence of selective pressure had been
too large. The results of studies on strains of
Leishmania that have undergone prolonged cul-
tivation in vifro should therefore be interpreted
with extreme caution. This is truc not Only for
studies on infectivity and virulence blit also in
studies On the efficacy of new drugs for the
treatment of leishmaniases.
The present failure to observe a reversion
to virulence conflicts with the results of earlier
studies, where such reversion was obtained
after either Dne (Da Silva and Sacks, 1987;
Marchand ef al., 1987; Shankar ef al., 1993) or
15 passages through mice (Katakura and
Kobyashi, 1985). However, the dones used in
these earlier investigations were not avirulent,
like L V56l/ AV, blit displayed only decreased
virulence, producing delayed footpad lesions.
Development in the sandflies, in terms of
the intensity of the infections and anterior
migration, was improved by passaging either
through sandflies or mice. Selection by five
passages (through invertebrate or vertebrate
hosts) was presumably sufficient to favour a
subpopulation of the parasites with characters
beneficial to their development in sandflies.
The present haemagglutination tests
confirmed the observations of Svobodová ef al.
(1997a): strains infective to mice possessed
higher HA activity than uninfective strains
and HA activity was considerably decreased
by long-term cultivation in vifro. Such
changes in HA activity appear to be reversible,
AVM5 and AVS5 having higher activities
than the original avirulent line (L V56l/ AV).
Serial passage through mice had the most
dramatic effect on HA activity, with a 60-fold
increase over five passages.
The highest proportion of stationary-phase
promastigotes with metacyclic LPG (16.8%)
was produced by the highly virulent line
L V56l/V. The FVI strain had, proportion-
ally, about three times fewer promastigotes
with metacyclic LPG; this corresponds with
the lower virulence and infectivity of this
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strain for mice. AlI three lines of L V561 that
were avirulent for BALBI c mice (LV 561/ AV,
AVS5 and AVM5) produced few metacydics
(2%-3%). Defectiveness in LPG is not, how-
ever, likely to be the only reason for the
avirulence of these lines as they stilI produced
about 10 times as mailY metacydic promastig-
otes as L119, a strain that was able to cause
(delayed) lesions in mice.
For all of the strains/lines used, the pro-
portion of promastigotes with metacydic LPG
coincided well with the ability of the strainl
line to develop in sandf1ies (see also Ciháková
and Vole, 1997). Decreased production of
metacydic LPG may ref1ect a deficiency in the
production of a procydic form of LPG. If
LPG does have a crucial role in Leishmania-
sandf1y interactions, defective LPG might be
lethal for promastigotes in the vector.
The role of LPG in leishmanial virulence
for mice has been studied using dones and
strains defective in LPG expression. Clones of
L. major with LPG modified by chemical
mutagenesi s were not able to survive in
macrophages in vitro and were either avirulent
for mice or caused delayed and small lesions
(Elhay et a/., 1990). Promastigotes of the non-
infective strain L119 were phagocytosed rap-
idly by macrophages in vitro blit, in contrast to
virulent strains, they were then kilIed (over a
period af 18 h). Transfer of purified LPG
from a virulent done of L. major into cultures
of Ll19 promastigotes confered on them the
ability to survive in vitro (Handman et a/.,
1986).
In the present study, the promastigotes of
the L119 strain did cause lesions in BALB/c
mice, although the time required for their
detection was much longer than that for the
virulent L V561/V; lesion development resem-
bled that described by Cappai et a/. (1994) in
mutant dones of L. major L V561, which also
had defective LPG. Development of the le-
sions was rapid once the infection had estab-
lished. Delayedlesion development following
inoculation with L119 has been observed be-
Care (BIackwell, 1992; D. Rangarajan, unpubl.
obs.). Selection and multiplication of geneti-
cally fully competent individuals present in
the inoculum may have to occur before any
lesions develop.
The present results support the hypothesis
that leishmanial virulence for mice is a com-
plex phenotypic trait and that LPG is only
Dne of the important molecules involved. To
try to elucidate the mechanisms responsible
for virulence in L. major, the activity and
expression of the main surface metali 0-
protease, gp63, in the strains and lines used in
this study are currently under investigation.
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Occurrence of Leishmania major in sandfly urine
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
Promastigotes of Leishmania major were frequently detected in the urine droplets discharged by infected Phlebotomus
papatasi and P. duboscqi females during feeding. Parasites were present in the urine of 37±5% P. papatasi and 16±1% P.
duboscqi females, even in those with low intensity gut infections. Free-swimming forms (elongated nectomonads, short
slender promastigotes and metacyclic forms) predominated in excreted droplets. Viability of excreted parasites was proved
by cultivation on blood agar, and the presence of metacyclic forms in urine droplets was confirmed by specific fluorescence
assay with 3F12 antibodies. While the release of promatigotes from the anus of the sandfly was frequent, these were rarely
egested from the mouth-parts of sandfly females (1±3% for P. duboscqi and 0% for P. papatasi) fed on microcapillaries,
even if the females were heavily infected. The possible role and significance of the discharge of parasites in sandfly urine
are discussed.
Key words: Phlebotomus spp., transmission, urine, prediuresis, capillary feeding, metacyclic promastigotes.

In the suprapylarian Leishmania spp., including L.
major, part of the life-cycle takes place both in the
midgut and foregut of the sandfly vector. Amasti-
gotes ingested with a bloodmeal transform into
promastigotes which attach to the midgut wall and
subsequently migrate to the stomodeal valve, oeso-
phagus, pharynx and, eventually, to the mouth-parts
(for review see Killick-Kendrick, 1990; Schlein,
1993).
The location of parasites in the sandfly digestive
tract is of crucial importance for the transmission to
the vertebrate host. In this respect, 2 main hy-
potheses have been suggested: either parasites
emerge from an infected sandfly during feeding only
if the proboscis itself is infected (Adler & Theodor,
1935) or they are regurgitated with a backflow of
ingested blood. Originally, the regurgitation was
supposed to result from a mechanical block of the
foregut (Shortt & Swaminath, 1928) or stomodeal
valve (Warburg & Schlein, 1986) by the parasites.
More recently, the damage to the chitin layer of the
stomodeal valve by chitinolytic enzymes produced
by the parasites was proposed to be the cause of
the regurgitation of parasites from the thoracic
midgut (Schlein, Jacobson &Shlomai, 1991; Schlein,
Jacobson & Messer, 1992). A third possible way of
transmission, the inoculation of parasites into the
host skin with sandfly saliva, is supported by the
study of Killick-Kendrick et al. (1996), who found
metacyclic promastigotes of L. tropica invading
* Corresponding author. Tel: ­4202 21953195. Fax:
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salivary glands of P. duboscqi. Contaminative trans-
mission by ingestion of infected sandfly takes place
in the genus Sauroleishmania (Lainson & Shaw,
1987) and probably occurs in transmission of
Leishmania to dogs (reviewed by Killick-Kendrick,
1979). In man, contaminative transmission may
occur occasionally when an infected biting fly is
crushed on the skin (Adler, 1929).
In the present work we studied another possible
route of contaminative transmission: the discharge
of parasites in sandfly urine. The term ‘urine’ is
used here according to Clements (1992) for the
excretory fluid discharged to the exterior during
female’s feeding on the vertebrate host. In mos-
quitoes the rapid anal excretion of urine during
feeding is called prediuresis (Briegel & Rezzonico,
1985). This phenomenon enables the female to
concentrate proteins of the bloodmeal and both
physical (pyloric armatures) and metabolic (active
transport into Malpighian tubules) filtrations are
probably involved (Vaughan, Noden & Beier, 1991).
In sandflies, prediuresis was observed in the majority
of blood-feeding females studied (Short & Swam-
inath, 1928; Sa!dlova! , Reishig & Volf, 1999) and
previous study of P. papatasi and P. duboscqi
(Sa!dlova! et al. 1999) showed that first droplets




Phlebotomus papatasi (Cyprus strain) and P. duboscqi
(Senegal strain) obtained from Professor Killick-
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Kendrick, Imperial College in Ascot, were main-
tained on 50% sucrose at 25–26 °C and 14}10 LD
photo-period.
Leishmania major, LV 561 strain (MHOM}IL}
67}LRC-L 137 Jericho-II) was maintained in vitro
at 23 °C on SNB-9 blood agar (Diamond & Herman,
1954) and, concurrently, in BALB}c mice. Parasites
isolated from the mouse were used for sandfly
infection after 1–3 in vitro subcultures.
P. duboscqi and P. papatasi females were fed
through a chick-skin membrane with infective food
containing either 2¬10' promastigotes or 1¬10'
amastigotes}ml. Promastigotes from 4-day-old cul-
tures were resuspended in heat-inactivated human
blood. Amastigotes derived from mouse lesions were
resuspended in human erythrocytes mixed (1:1 v}v)
with Schneider’s medium supplemented with genta-
micin (45 µg}ml).
Examination of urine droplets and capillary contents
Microcapillary feeding (Hertig & McConnell, 1963)
was used for testing whether parasites are ejected
from mouthparts. Simultaneously, the urine droplets
discharged during the feeding were examined. In the
first series of experiments, 235 flies were fed on
microcapillaries containing SNB-9 (over-lay me-
dium for blood agar) 10 or 14 days after an infective
bloodmeal. During capillary feeding, the excreted
droplets were caught on a piece of a cover-slip.
Immediately after feeding, contents of capillaries
were blown onto slides and flies were dissected for
detection of Leishmania infections. Infected flies
(150 females) were the subjects of further analysis.
In the second series of experiments, 100 females
were allowed to feed on the capillary for 1±5–2 min
only, starting from the first sucking movements of
the clypeus. Dissection revealed that 53 females were
infected. While during such short feeding time urine
excretion usually did not start, only capillary con-
tents were examined.
Amastigote-infected females were fed on capil-
laries 14 days after infection and excreted droplets
were examined for parasite presence as described
above.
Parasite morphometry
Capillary contents and urine droplets from infected
flies were air dried, fixed with methanol and stained
with Giemsa. The body length and width and the
flagellum length of parasites were measured under
the light microscope with an oil-immersion ob-
jective. However, the length of flagellum and the
position of the kinetoplast were not visible in some
parasites due to the dense background produced by
the excreted urine. Therefore, out of the 6 mor-
phological categories defined by C) iha!kova! & Volf
(1997) three (short broad promastigotes, rounded
promastigotes and paramastigotes) were lumped
together into one designated as ‘broad forms’ (BF).
The other 3 categories, i.e. elongated nectomonads
(EN), short slender promastigotes (SP1), and meta-
cyclic promastigotes (MP) remained as described
previously. Parasites with flagellum which cannot be
measured were not classified. Data from gut smears
(day 9 after the infective meal ; C) iha!kova! & Volf,
1997) were used for comparison of Leishmania
morphometry in the midgut versus that excreted in
droplets.
Leishmania viability test
To examine the viability of discharged parasites,
infected P. duboscqi females were placed for capillary
feeding on the top of a multiwell plate (GAMA n.p.
C) eske! Bude) jovice). During capillary feeding, the
urine was directed into the wells filled with blood
agar and an over-lay medium. The contents of the
wells were examined daily for parasites.
Immunofluorescence detection of metacyclic LPG
Excreted droplets of the urine were dried, fixed with
methanol and incubated for 30 min with the mono-
clonal antibody 3F12 specific for the metacyclic
stage lipophosphoglycan (Sacks & Da Silva, 1987).
Mouse ascitic fluid was diluted 1:20 in 20 m Tris
buffer with 0±1% Tween 20 (Tris–Tw) and 5% fetal
calf serum. After washing, slides were incubated for
30 min with FITC-conjugated swine anti-mouse
IgG (SEVAC, Prague) diluted 1:20 in Tris–Tw,
washed and stained for 2 min with Evans Blue.
Positive and negative promastigotes were then
detected by fluorescence microscopy using an oil
immersion objective. Smears made from 6-day-old
cultures of LV561 were used as a positive control. In
negative controls, the antibody-incubation step was
omitted.
Statistical analysis
All the statistical evaluations were made using the
Statgraphics 5.0 programme.

Detection of Leishmania parasites in urine
Urine droplets of promastigote-infected sandflies
contained promastigotes in 37±5% and 16±1% fe-
males of P. papatasi and P. duboscqi, respectively
(Table 1). The difference between these two species
is significant after log-linear analysis (χ#¯4±2594,
..¯1, P¯0±0390) even when the results of
individual experiments in one series also differed
significantly (χ#¯34±6375, ..¯11, P¯0±0003).
On the other hand, the difference among the actual
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Table 1. Representation of Leishmania parasites in urine droplets of
Phlebotomus papatasi and P. duboscqi
Time post-infective bloodmeal
Vector species 10th day 14th day Total
P. papatasi
Number of infected flies examined 27 13 40
Number (%) of flies with positive
droplets
10 (37) 5 (38±5) 15 (37±5)
P. duboscqi
Number of infected flies examined 31 31 62
Number (%) of flies with positive
droplets
8 (25±8) 2 (6±5) 10 (16±1)
Fig. 1. Relative proportions of morphotypes from
smears of gut contents (A) and from excreted droplets
10th (B) and 14th (C) day post-infection in both vector
species. EN, elongated nectomonads; SP1, short slender
promastigotes ; BF, broad forms; MC, metacyclic
promastigotes.
numbers of excreted parasites on the 10th and 14th
days after infection was not statistically significant
(χ#¯2±7924, ..¯1, P¯0±0947).
In P. papatasi, the number of excreted parasites
varied from 2 to 125 per female (average 21, median
8 parasites). The range of P. duboscqi was 1–260
(average 44, median 11 parasites per female). Para-
sites were concentrated in the first one or the first few
ejected droplets.
Although the majority of females excreting para-
sites showed heavy (more than 500 parasites per gut)
or medium (100–500 parasites per gut) infection, we
detected parasites in urine droplets of 2 P. papatasi
females with as few as 2 or 20 visible parasites in the
gut.
Parasites were also detected in the urine of females
infected by amastigotes on day 14 after the infective
bloodmeal.
Capillary contents
In the first series of experiments parasites were
ejected into a capillary by 1 P. duboscqi female (1±3%
of infected flies, n¯79) and no parasites were
detected in capillary contents of infected P. papatasi
females (n¯71). In the second series of experiments,
when females were capillary fed for 1±5–2 min only,
no parasites were found in 34 infected females of P.
duboscqi and 19 infected females of P. papatasi.
Morphometrical analysis
All parasites found in capillaries (n¯9) were
metacyclic promastigotes (MP). On the other hand,
different morphological forms were detected in urine
droplets. The relative proportion of individual forms
in urine droplets (Fig. 1) was analysed by log-linear
analysis. It differed significantly between the 10th
and 14th day of examination (χ#¯15±7854, ..¯3,
P¯0±0003). Differences between the two Phleb-
otomus species were not significant (χ#¯4±0705, ..
¯3, P¯0±3814). The morphometric data of distinct
forms are given in Table 2.
Comparison of morphological forms excreted in
urine 10 days post-infection versus that in females
midgut shows that MP and SP1 were significantly
more represented in urine (SP1: χ#¯7±7038, ..¯
1, P¯0±0055; MP: χ#¯4±2458, ..¯1, P¯
0±0393). In contrast, BF were more represented in
gut smears (χ#¯10±5090, ..¯1, P¯0±0012) and
proportions of EN differed non-significantly (χ#¯
0±7154, ..¯1, P¯0±3976).
Corresponding morphological differences were
obtained when measurements were evaluated for the
total material (ignoring morphological categories)
using a t-test. Excreted promastigotes were shorter (t
¯3±357, P¯0±0008) and more slender than gut
forms: the difference in body width was non-
significant in P. duboscqi (t¯1±551, P¯0±1236)
while highly significant in P. papatasi (t¯5±309, P
!0±0001). Almost no difference was found in
flagellar lengths (t¯0±238, P¯0±8116).
Cultivation of excreted parasites
The cultivation confirmed that parasites excreted by
P. duboscqi were viable. The portion of positive
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Table 2. Dimensional morphology of four Leishmania major developmental stages excreted in droplets
and emerged into the capillary (*)
(EN, elongated nectomonads; SP1, short slender promastigotes ; BF, broad forms; MC, metacyclic promastigotes.)
Morphological
10 days post-infection 14 days post-infection
forms n Mean .. Min Max n Mean .. Min Max
Body width (µm)
EN 62 1±8 0±77 0±7 4±3 61 2±3 0±86 1±4 4±3
SP1 51 1±5 0±28 0±7 2±1 18 1±5 0±23 1±4 2±1
BF 14 3±6 1±34 2±9 7±1 20 3±4 0±70 2±9 4±3
MC 9 1±3 0±31 0±7 1±4 3 1±4 0±00 1±4 1±4
MC* 9 0±7 0±00 0±7 0±7 — — — — —
Body length (µm)
EN 62 15±7 2±29 14±3 22±8 61 15±6 1±74 14±3 20±0
SP1 51 10±8 1±88 7±1 12±9 18 10±3 2±05 5±7 12±9
BF 14 8±4 2±56 4±3 12±9 20 11±6 3±68 4±3 20±0
MC 9 8±4 1±51 5±7 10±0 3 7±6 1±65 5±7 8±6
MC* 9 9±0 1±01 7±1 10±0 — — — — —
Flagellar length (µm)
EN 62 17±6 4±14 7±1 28±6 61 15±2 2±64 10±0 22±8
SP1 51 13±4 3±58 7±1 21±4 18 11±3 2±21 7±1 14±3
BF 14 12±6 4±19 4±3 17±1 20 9±5 2±33 5±2 12±9
MC 9 18±2 4±39 12±9 25±7 3 16±7 1±65 15±7 18±6
MC* 6 20±2 2±1 17±1 22±8 — — — — —
cultures from sandfly urine (8±3%, n¯12) was lower
than the percentage of females with positive urine
droplets after Giemsa staining (16±1%). However,
fungal contamination occurred in some cultures and
this probably contributed to the underestimation of
the presence of viable flagellates.
Detection of metacyclic LPG
The presence of metacyclic promastigotes in the
sandfly urine was confirmed by the positive reaction
of monoclonal antibodies 3F12 with some parasites.
Exact counting of metacyclic forms was, however,
hampered in some preparations by non-specific
reaction of fluorescein conjugates with excreted
liquid. In the control, monoclonal antibodies reacted
positively with 17% of promastigotes from 6-day-
old cultures.

Recent knowledge implies that not only one, but
several modes could be involved in Leishmania
transmission by sandflies. These may act simul-
taneously or may be specific for individual vector–
parasite species combinations.
From the evolutionary point of view the con-
taminative route of transmission (passing of infective
forms in the excreta) is probably the original route of
transmission occurring in monogenetic flagellates. It
takes place also in some digenetic trypanosomatids,
like in Trypanosoma lewisi transmitted by the rat flea
or T. cruzi transmitted by reduviids. In these cases,
the development of parasites in the hindgut enables
the contaminative transmission. In ‘peripylarian’
Leishmania species, colonization of the hindgut is
maintained prior to migration of promastigotes to
the midgut and foregut, which has been interpreted
as a recapitulation of the primitive hindgut de-
velopment of ancestral flagellates (Lainson & Shaw,
1987). In suprapylarian spp., the hindgut devel-
opment was completely lost. Therefore, the con-
taminative transmission was thought to be non-
functional in the Leishmania–sandfly system.
Transmission of Leishmania species by sandfly
excreta was rejected by Adler (1929) as ‘P. papatasi
very seldom defecates during the act of feeding’.
However, our recent study showed that 100% of
Phlebotomus papatasi and 85% of P. duboscqi females
discharged urine during the feeding on human arm
(Sa!dlova! et al. 1999). Shortt & Swaminath (1928)
first described frequent discharge of droplets from
the anus of blood-feeding P. argentipes. They,
however, failed to demonstrate L. donovani in
droplets and concluded: ‘It seems unlikely that the
habit of the fly here being discussed can have any
bearing on the transmission of this parasite ’. On the
other hand, living promastigotes were occasionally
found in urine droplets of Lutzomyia youngi infected
by peripylarian species L. braziliensis (Y. Tang,
personal communication).
In the present study, parasites were found more
often in urine than in capillary contents. They were
never ejected into the capillary by P. papatasi, and
only once by P. duboscqi. This may correspond with
the previously described absence of parasites of
LV561 line in the foregut and proboscis of P.
papatasi and their exceptional occurrence in the
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proboscis of P. duboscqi (data shown in C) iha!kova! &
Volf, 1997). Similarly, Adler & Theodor (1935)
found that L. infantum parasites emerge from an
infected P. perniciosus into the capillary only if the
distal part of the proboscis is infected (2 from 52
heavily infected flies in their experiment). An
alternative explanation for the low percentage of
females ejecting promastigotes into the capillary
might be the fact that gorging females only were
studied. As described by Warburg & Schlein (1986),
P. papatasi females which failed to engorge, regurgi-
tated fluid containing L. major parasites into
capillaries more often than did the feeding ones.
Parasites ejected by P. duboscqi into the capillary
were morphologically classified as metacyclic forms
which corresponds with the data obtained in other
parasite–vector combinations. These forms, highly
infective for vertebrate host, were selectively egested
during the ‘forced feeding’ also in L. infantum – P.
perniciosus (Adler & Theodor, 1931) and L. major –
P. papatasi (Warburg & Schlein, 1986; Saraiva et al.
1995).
Metacyclics were shown to represent an abundant
form of promastigotes in the midgut content (Davies
et al. 1990; Saraiva et al. 1995). The present study
showed that free-swimming developmental stages
including metacyclic promatigotes were even more
frequently represented in excreted droplets than in
the midgut. On the contrary, broad forms, likely to
be attached to the gut by hemidesmosomes were
found in urine droplets in lower proportion than in
the midgut.
Our findings indicate a certain potential for the
contaminative transmission of Leishmania and fur-
ther study is needed to evaluate this possibility.
Transmission by bite is certainly the predominant
route by which promastigotes enter the host. How-
ever, experiments with capillary feeding suggest that
it could be successful only in heavily infected flies
when the stomodeal valve is heavily colonized by
promastigotes and the foregut infection is estab-
lished. Contaminative transmission, on the other
hand, would not be so much conditioned by the
number or the localization of parasites. Parasites
occurred in urine even in females with low intensity
of midgut infections.
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(1) Faktory ovlivňující vývoj leishmanií v přenašeči. 
 
(a) Srovnáním vývoje pěti kmenů a linií L. major  ve dvou druzích flebotomů (P. 
papatasi a P. duboscqi) bylo zjištěno, že nejúspěšněji se vyvíjela virulentní linie 
kmene LV561 (nejvyšší procento infikovaných samic, nejvyšší podíl silných infekci, 
silné kolonizace stomodeální valvy, v jednom případě i metacykličtí promastigoti 
v proboscis), relativně dobře také avirulentní linie kmene LV561 a kmen FV1, 
nejméně úspěšně pak kmeny L119 a Neal (malé procento infikovaných samic, 
převažující slabé infekce, které nikdy nedosáhly k stomodeální valvě). Procento 
samic infikovaných jednotlivými kmeny a liniemi nebylo signifikantně ovlivněno 
druhem přenašeče (P. papatasi vs. P. duboscqi), avšak rozdíly v lokalizaci infekcí 
byly výraznější u P. papatasi. 
Kmeny a linie leishmanií se signifikantně lišily v relativním zastoupení 
jednotlivých morfologických forem. Kmeny, které se vyvíjely ve flebotomech 
úspěšněji (LV561, FV1), vykazovaly výraznější prodloužení těla a bičíku oproti stavu 
v kultuře, zatímco špatně se vyvíjející kmeny měly tendenci ke zkrácení těla a bičíku 
(Neal) či větší šířce těla (L119).   
Kmen LV561 (virulentní linie) byl úspěšně přenesen na křečka sáním tří 
infikovaných samic P. duboscqi. 
 
(b) Studované kmeny a linie L. major se výrazně lišily také infektivitou a virulencí 
pro myši BALB/c. U všech myší infikovaných virulentní linií kmene LV561 se brzy 
vyvinuly rychle rostoucí léze. Kmeny  FV1 a L119 způsobily tvorbu lézí o 12  týdnů 
později a pouze u části infikovaných zvířat.  Kmen Neal a atenuovaná linie kmene 
LV561 byly avirulentní, ale neztratily zcela infektivitu pro hostitele: kultivace z uzlin 
byly z větší části pozitivní. Oba tyto kmeny byly předmětem dalších pokusů: 
reisolovaní parasiti kmene Neal byly již schopni tvořit v BALB/c myších léze, 
avirulentní linie kmene LV561 byla studována podrobněji (viz bod d). 
 
(c) Exprese metacyklického LPG ve stacionární růstové fázi kultur byla nejvyšší u 
virulentní linie kmene LV561 (16,1%), nižší u kmene FV1 (5,1%) a atenuované linie 
LV561 (2,1%) a velmi nízká u kmenů L119 a Neal (0,2%).  Velmi nízká tvorba 
metacyklického LPG pravděpodobně souvisí s defekty v tvorbě procyklického LPG. 
V případě kmene L119 je defekt v procyklickém LPG prokázán, u kmene Neal o něm 
svědčí dosud nepublikované výsledky jiných autorů (Prof. Turco, osobní sdělení). 
Studiem povrchové proteázy gp63 bylo zjištěno, že gp63 lokus je u všech kmenů 
a linií lokalizován na stejném chromosomu. Hybridizační pokusy s gp63 sondou 
neprokázaly rozdíly mezi kmeny a liniemi ve struktuře genů kódujících gp63 ani v 
jejich kvantitě. Značné rozdíly byly naopak zjištěny v množství exprimovaného 
proteinu a jeho proteázové aktivitě. Uvažujeme-li virulentní linii kmene LV561 jako 
standart pro kvantifikaci, pak kmen FV1 produkuje nepatrně menší množství tohoto 
proteinu, atenuovaná linie kmene LV561 je v tomto směru značně defektní a naopak 
u kmenů L119 a Neal je tvorba gp63 výrazně zvýšena. Obdobné rozdíly byly 
pozorovány v proteázové aktivitě gp63.   
 
(d) Atenuovaná linie kmene LV561 pasážovaná 5x přes flebotomy byla označena 
AVS5, linie pasážovaná 5x přes myši AVM5.  V P. papatasi se obě tyto linie vyvíjely 
prokazatelně lépe (kvantitou i lokalizací infekcí), než linie výchozí. Naopak v myši 
BALB/c nebyla u pasážovaných linií zvýšena ani virulence (tvorba lézí) ani infektivita 
(procento pozitivních kultivací z uzlin). 
Exprese metacyklického LPG byla u pasážovaných linií jen slabě zvýšena oproti 
výchozí atenuované linii. Exprese a aktivita gp63 a haemaglutinační aktivita vzrostly 
u obou linií, nedosáhly však úrovně zjištěné u virulentní linie.   
 
                      
(2) Mechanismus přenosu leishmanií flebotomy. 
 
(a) Prediurese je fyziologický proces, detailně popsaný u komárů, který spočívá 
v rychlé filtraci přijaté krve a vylučování moči již během sání na hostiteli. Tím se 
samice rychle zbaví vody a solných iontů, které by jinak bránily letu a narušily 
homeostázi organismu, a zároveň přijme větší koncentrace proteinů. V této práci je 
poprvé popsána prediurese také u samic flebotomů. Byla pozorována u 100% samic 
P. papatasi a 85% samic P. duboscqi sajících na lidské ruce.  
 Prediurese začínala 1-2 min po začátku sání vyloučením několika bělavých 
kapek moči, další kapky byly čiré. Erytrocyty byly nalezeny jen výjimečně, což svědčí 
o velmi důkladné filtraci vylučované moči. Kapky byly vystřikovány velkou rychlostí na 
vzdálenost přes 5 mm. Analýza videozáznamu sající samice P. duboscqi ukázala, že 
samice vyloučila celkem 325 nl moči (v 27 kapkách o průměrné velikosti 12 nl) 
během osmi minut sání na lidské ruce.  
Mezidruhové rozdíly byly zaznamenány v celkové délce sání, v délce prediurese 
a počtu vyloučených kapek moči. Výrazná byla i vnitrodruhová variabilita v produkci 
moči; přitom čím delší byla délka sání, tím více moči samice vyloučila. Zřejmě tedy 
samice může buď sát déle a akumulovat více živin, ale vystavit se přitom vyšším 
riziku hostitelovi obranné reakce, nebo sát rychle s nižším příjmem bílkovin, ale také 
s menším rizikem (trade-off). Přes tuto variabilitu v jednotlivých parametrech 
prediurese jde zřejmě o běžný fyziologický jev, pravidelně přítomný u této skupiny 
krevsajícího hmyzu. 
 
(b) Pomocí kapilárového sání flebotomů infikovaných L. major bylo zjištěno, že 
leishmanie byly přítomny v moči 37,5% P. papatasi a 16,1% P. duboscqi, zatímco do 
kapilár byli promastigoti vypuzeni jen jednou samicí P. duboscqi (n = 79). Počet 
promastigotů v moči jedné samice se pohyboval v rozmezí 2 – 125 (medián 8) u P. 
papatasi a 1 – 260 (medián 11) u P. duboscqi. Leishmanie byly přítomné i v moči 
samic se slabou infekcí mesenteronu.  
Zatímco v obsahu kapiláry byly nalezeni pouze metacykličtí promastigoti,  moč 
flebotomů obsahovala směs různých morfologických forem. Oproti mesenteronu byla 
v moči relativně více zastoupena volně plovoucí morfologická stádia (včetně 
metacyklických promastigotů), naopak méně zastoupeny byly široké haptomonády. 
Přítomnost metacyklických promastigotů v moči byla potvrzena pozitivní reakcí části 
promastigotů s monoklonální protilátkou proti metacyklickému LPG. Positivní 









 Schopnost leishmanií vyvíjet se úspěšně v přenašeči nekorelovala zcela s jejich 
virulencí pro myš (viz kmen L119 a atenuovaná linie kmene LV561). V přenašeči 
a v hostiteli se tedy zřejmě uplatňují různé vlastnosti parasita nebo tytéž 
vlastnosti v různé míře.  
 
 Schopnost jednotlivých kmenů a linií infikovat flebotomy korelovala dobře 
s jejich schopností produkovat metacyklický LPG, což je v souladu s 
hypotézou, že LPG hraje důležitou roli ve vývoji leishmanií v trávícím traktu 
přenašeče. Konkrétní funkce LPG v přenašeči je vysvětlována dvěma odlišnými 
způsoby (viz literární přehled). Zajímavé je, že zatímco slabé infekce kmene Neal 
tři dny po infekčním sání by svědčily o úloze LPG již v peritrofickém prostoru 
(rezistence vůči trávícím enzymům flebotoma), výrazný pokles procenta 
infikovaných samic u kmene L119 nastal až mezi třetím a šestým dnem po 
infekčním sání (v době, kdy samice defekuje zbytky potravy), což odpovídá spíše 
hypotéze o roli LPG v přichycení k střevnímu epitelu. Naopak, pro vývoj 
v hostiteli nebyl stav LPG rozhodujícím faktorem: i kmen L119 s defektním 
LPG byl částečně virulentní a naopak atenuovaná linie kmene LV561 byla 
avirulentní, přestože tvorba metacyklického LPG zde byla desetkrát vyšší než u 
kmene L119. Virulence je tedy komplexní fenotypický znak a LPG je v tomto 
ohledu pouze jedním z důležitých faktorů. 
 
 Získané výsledky nesvědčí pro zásadní význam gp63 v přenašeči, ale spíše 
potvrzují roli této povrchové proteázy v hostitelském organismu: snížené 
množství gp63 nebránilo parasitům atenuované linie LV561 v úspěšné infekci 
flebotomů, linie však byla avirulentní pro myš. Naopak,  kmeny L119 a Neal s 
vysokou proteázovou aktivitou gp63 sice byly do určité míry virulentní, ale 
neschopné úspěšného vývoje v přenašeči. 
 
 To, že u obou kmenů s defektním LPG (L119, Neal) byla zjištěna nadprodukce 
gp63 zároveň naznačuje, že může jít o adaptivní odpověď parasita na jinak letální 
defekt. Obě tyto povrchové molekuly plní velmi podobné funkce v interakci 
s imunitním systémem hostitele (viz literární přehled). Je tedy možné, že funkce  
LPG a gp63 se mohou v hostitelském organismu doplňovat a v případě 
defektu vzájemně nahrazovat. Tento mechanismus může zvyšovat šanci 
parasita na přežití. Jak ale vyplývá z literárních dat i z výše uvedených výsledků 
s kmeny L119 a Neal, v přenašeči zřejmě plní obě molekuly natolik odlišné 
funkce, že zde gp63 roli LPG nenahradí.  
 
 Tendence k růstu hemaglutinační aktivity u obou pasážovaných linií svědčí o jisté 
roli tohoto faktoru v obou částech životního cyklu leishmanií. 
 
 Dlouhodobá kultivace organismů in vitro přináší riziko, že bude ztracena část 
jejich genetické výbavy kódující vlastnosti, které tyto organismy v umělém 
prostředí nutně nepotřebují. Výsledky této práce svědčí o tom, že ztráta 
virulence může být u atenuovaných linií leishmanií definitivní. Při 
opakovaném vystavení atenuovaných parasitů přirozenému selekčnímu tlaku se 
zvýšila schopnost vyvíjet se v přenašeči, neobnovila se však virulence pro 
hostitele.  
 
 Proces prediurese a přítomnost živých promastigotů (včetně metacyklických 
stádií) v moči flebotomů představují možnost dosud neuvažovaného způsobu 
přenosu leishmanií na hostitele. Nakolik se tato potenciální cesta přenosu 
opravdu  uplatňuje, je však nutno ověřit dalšími experimenty.  Z evolučního 
hlediska je zajímavý už samotný fakt, že přítomnost infekčních stádií 
v exkrementech, tedy znak považovaný za fylogeneticky původní a přítomný již u 
monogeneticých trypanosomatidů, zůstal zachován u suprapylariálního druhu L. 
major. 
 
